The goal of this paper was to evaluate bus passengers' comfort with regard to noise and whole-body vibration. All types of existing buses used in Tehran urban services were considered for study. The measured noise levels in all buses were higher than the recommendations in W.H.O (1999) as well as Iran Department of Environment (2001), while the vibrations at the passenger seats were non uncomfortable vibrations according to ISO 2631ISO -1-1997 In addition, the results demonstrated that the age and type of bus can play important roles in determining noise and vibration inside buses. It was concluded that the engine and wheels of bus can be considered as the major sources of noise and vibration inside buses.
INTRODUCTION
The factors of most physiological importance to comfort are those which affect ride quality and the effort of driving: noise, vibration, temperature, humidity, glare, seating, ventilation, odor etc [1] .
In the city, the main sources of traffic noise are cars, smaller trucks, buses, and motorcycles. Moreover, noise from the interaction of tires with the roadway is generated by trucks, buses, and cars [2] .
Investigation of the sound quality inside vehicles has become a very important task for the acoustic engineers since more than 20 years. As vehicles become more and more quiet, the driver/passenger sensitiveness for the acoustical comfort increases [3] .
Bryan et al [4] investigated noise levels in passenger vehicles and concluded that the noise levels were unacceptable (>73 dBA) to the passenger at typical cruising speeds according to the criterion proposed by Bryan [5] . Also, Zannin et al [6] evaluated noise levels inside 25 urban buses and concluded that the noise levels in the driver section of 23 buses were acceptable (<82 dBA) according to the definition of the Occupational Health Standard of the Brazilian Ministry of Labor. Moreover, Nadri et al [7] measured noise levels inside 4 different models of urban buses and found that the noise levels in the driver section of all the buses were below 85 dBA which is the recommendation in ACGIH standard.
If heavy machines or vehicles generate noise, they often emit vibration as well [8] . Vibration can cause discomfort, interfere with activities and be harmful to health. Moreover, discomfort can arise from the vibration occurring at any location in the body for example the feet, abdomen, thorax, head or hands [9] . In addition, ride is related to the level of comfort perceived by a person whom travels in a vehicle. This is affected mainly by the levels and frequencies of vibration of the vehicle's passenger compartment with regard to sensitivity of human body to vibration. Therefore, it is necessary to examine this sensitivity to vibration. One of the most important aspects of this is how the human body responds to vibration [10] .
Khan et al [11] investigated the combined effect of noise and vibration on the performance of a readability task in a mobile driving environment and found no significant difference between the readability task and combined effect of noise and vibration. In addition, Huang and Griffin [12] conducted a laboratory study to investigate the effect of noise and vibration on 20 subjects and found that higher magnitude vibrations appeared to mask the discomfort caused by low levels of noise on the other hand, higher level noises appeared to mask the discomfort caused by low magnitudes of vibration.
Moreover, hearing ability is often degraded among persons exposed to prolonged periods of whole-body vibration; hearing loss should be expected from the high levels of noise associated with many vibration environments [13] .
The most frequently reported problem from all sources of whole-body vibration is Low-back pain [14] . In addition, vision is simply disturbed by some motions of the body. Most reported effects of whole-body vibration on vision are related to the reduced clarity of images on the retina of the eye because of eye movement [13] .
Nassiri et al [15] evaluated train passengers comfort concerning whole-body vibration and found statistical relationships between sleeplessness and hearing disorders with whole-body vibration. Shafiquzzaman Khan and Sundstroms [16] results revealed that two-thirds of the train passengers reported difficulties in performing secondary activities (reading and writing) due to vibration and shocks.
Therefore, the goal of this paper was to measure noise and whole-body vibration in the passenger section of urban buses in order to answer to the following questions:
(1) How can the bus type/model affect passengers' comfort during the trips?
(2) How can the bus age affect passengers' comfort during the trips?
MATERIALS AND METHODS

Study design and test routes
The major hypothesis of this study is that the age and type of bus can affect noise and vibration in the passenger compartment. To verify or reject this claim noise and vibration were measured in the passenger compartment of 3 bus types of different ages. Variables which can affect noise inside buses were environmental/traffic noise, construction noise, passengers' voices, bus age, engine and bus speed. To control the confounding factors (environmental/traffic noise and construction noise), noise levels were measured two times in each bus one when the engine was on and one when the engine was off. The difference between the two measurements was more than 10 dB. Therefore, the confounding factors mentioned above had no significant effect on noise levels within buses [17] .
The variables which can affect vibration inside buses were passengers' activities, bus age, seat type, engine, driving style of drivers and road surface.
"The most practical method of reducing the vibration exposure is through training to ensure the machine operators adjust their driving technique depending on the task and environment and to ensure they do not adopt and aggressive driving" [18] . In this study Confounding factors (driving style and road surface) had no significant effect on vibration inside the buses because all the roads were covered with conventional asphalt also the driving style of all the drivers were approximately similar (all the drivers were experienced in the field). Moreover, all passengers had no activities and were quiet
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during the measurements.
The measurements of noise and whole-body vibration were performed in the following conditions:
• From morning to night • During the ride (The running speed of all buses was below 80 km/h) • Between all stations (The average distance from a station to the next was 1 km) • All the buses were loaded with passengers A-weighted network of the sound level meter was considered for measurement of noise level also; the measurement of vibration was made in 1/3 octave band center frequencies from 1-80 Hz.
Buses and drivers
All the 3 types of buses (overall 246 buses) used in Tehran urban services were considered for study. Based on confidence level of 95% 30 buses of each type were selected from different part of the Tehran city to study noise and whole-body vibration. Measurements of noise and whole-body vibration were made in each of the selected buses. Overall, 90 sets of measurements were made. Meanwhile, 90 different drivers were involved during all measurements.
Type 1 buses (see Fig. 1 ) and Type two buses (see Fig. 2 ) operate along regular streets and stop in all stations while Type 3 buses or speedy buses (see Fig. 3 ) operate in specific lines where cars are not allowed. They stop at specific stations. General specifications of the buses surveyed are shown in Table 1 . 
Measurements 2.3.1. Noise measurement
The noise level measurements were made at the distance of 1, 4 and 8 m from the bus engine. The noise level was measured 3 times in each spot to obtain the mean value. A Bruel and Kjaer sound level meter model 2250 was used. Before performing measurements the instrument was calibrated by using a Bruel & kjaer calibrator model 4231. As shown in Fig. 4 in the position of 0.7±0.05 m height from the passengers' seats noise level was measured according to ISO 5128-1980 [19] . In other words, noise level measurements were done on a tripod at the same height of the seated passengers. Meanwhile, all measurements were performed in sunny weather.
Leq 5 min was measured in each bus because Leq was stable after 5 minutes. It means that the noise level was also measured after 5, 10 and 14 minutes and the measured values had not any significant differences. Then, the average of all measurements was calculated. Finally, the results were considered as Leq (30 min) according to environmental noise standard. 
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Whole-body vibration measurement
The measurements of whole-body vibration were made at the same time and place as the noise level measurements (passengers were randomly selected). Whole-body vibration at the seat pad was measured using a Brüel & Kjaer human response vibration meter model 2512 according to ISO 2631-1978 [20] . Before performing measurements the instrument was calibrated by checking the reference levels (Lpeak and Leq) on LCD display (Lpeak = 123dB and Leq = 120dB). The vibration meter used had a triaxial accelerometer instrument embedded in the middle of a 250 mm diameter semi rigid rubber disc. For the measurements, the instrument was located on the seat as shown in Fig. 5 . Meanwhile, the instrument was fixed during all measurements.
Data analysis
For data analysis the one-way ANOVA test and the post-hoc analysis (Bonferroni test) were recommended by statistician. The collected data were analysed using the SPSS 11.5 software. To study the effect of age and type of bus on noise and wholebody vibration, the mean of three measurement spots were used in the ANOVA test as well as the Bonferroni method. [19] ). Acceleromexer Figure 5 . Position of triaxial seat accelerometer with regard to passenger seat [20] .
One-way ANOVA is a statistical method used to compare means of two or more samples. This method can only be used for numerical data. Also, Bonferroni method is considered as a type of multiple comparison test used in statistical analysis [21] .
Results
Demographic information of the 3 bus types is shown in Table 2 . Also, the noise level measurements for the buses surveyed are summarised in Tables 3-8, while the  whole-body vibration measurements are summarised in Tables 9-14 . As shown in Table 3 , the Type 1 buses had higher noise levels than the Type 2 and the Type 3 buses. Moreover, the ANOVA test revealed that bus type has a significant effect on noise level inside the buses. Also, the post-hoc analysis (see Table 4 ) indicates that the difference between the noise level for the Type 1 buses and the noise level for the Type 2 buses was significant and/or that the difference between the noise level for the Type 1 buses and Type 3 buses, was significant, and/or the difference between the noise level for the Type 3 buses and the noise level for the Type 2 buses was significant.
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Also, the results in Table 5 and Table 7 show that the noise levels were higher for older buses compared to the newer buses. Moreover, the ANOVA test showed a significant effect of bus age on the noise levels for the Type 1 and Type two buses.
In addition, Tables 6 and 8 shows the post-hoc analysis of the noise level for Type 1 and Type two buses respectively. Table 6 states that the difference between the noise level for the 15-16 years old buses and the noise level for the 17 years old buses was significant and/or, that the difference between the noise level for the 15-16 years old buses and the 18-20 years old buses, was significant. Table 8 indicates that the difference between the noise level for the 2 years old buses and the noise level for the 4-5 years old buses was significant and/or, that the difference between the noise level for the 4-5 years old buses and the 3 years old buses was significant.
The ANOVA test showed a significant effect of bus type on the mean vibration at the passenger seats (see Table 9 ). Also, the post-hoc analysis (see Table 10 ) showed that, the difference between the mean vibration for the Type 1 buses and the mean vibration for the Type 2 buses was significant.
The ANOVA test (see Tables 11 and 13 ) showed a significant effect of bus age on the vibrations measurements for the Type 1 and Type two buses. Also, with regard to Type 1 buses post-hoc analysis (see Table 12 ) showed that, the difference between the mean vibration for the 15-16 years old buses and the mean vibration for the 17 years old buses was significant, and/or that the difference between the vibration for the 15-16 years old buses and the 18-20 years old buses, was significant, and/or the difference between the mean vibration for the 18-20 years old buses and the vibration for the 17 years old buses was significant.
With regard to the Type 2 buses the post-hoc analysis (see Table 14 ) revealed that, the difference between the mean vibration for the 2 years old buses and the mean vibration for the 3 years old buses was significant and/or, that the difference between the mean vibration for the 2 years old buses and the 4-5 years old buses, was significant, and/or the difference between the mean vibration for the 4-5 years old buses and the vibration for the 3 years old buses was significant.
Based on Tables 9 and 15 it can be stated that the vibrations at the passenger seats in all the 3 types of urban buses were not uncomfortable vibrations. Three measurement spots were selected in each bus for measurement of noise and wholebody vibration, no considerable difference between the measurement values was observed. Nevertheless, the noise and whole-body vibration were higher for the spot close to the engine compared to the two other spots.
DISCUSSION
Noise level
Iran Department of Environment [23] proposed the environmental noise level of 60 dBA (Leq(30min)) for commercial-residential area also, according to W.H.O [24] if outdoor noise level is between 50-55 dBA (Leq(16h)), can cause nuisance hence, based on Table 3 it can be stated that the noise levels in all the buses exceeded the recommendations in W.H.O [24] as well as Iran Department of Environment [23] .
The results of the present paper revealed that the noise levels for 90 buses ranged from 73.9 to 81.7 dBA. In contrast, Saman Hapuarachchi et al [25] measured noise levels next to passengers in 152 buses and their results revealed that the noise levels [6] investigated noise levels inside urban buses in Crutiba. Two measurements were taken by them, the first close to the driver and the second at the back of the bus. They found that the normalized exposure levels were all over 65 dBA in all cases making the work environment 'uncomfortable' according to the Brazilian Legislation for Ergonomics. Furthermore, Damijan [26] measured noise levels in the passenger section of buses and reported that the equivalent noise levels in the center and rear part of the buses during the ride were 62.4 dBA and 67.9 dBA respectively. The ANOVA test revealed that the bus type had a significant effect on the noise level inside the buses and the post-hoc analysis showed that, the difference in the noise level measured in the 3 types of buses was significant. In contrast, Nadri et al [7] investigated noise exposure among bus drivers. 4 models of urban bus were considered by them. They found no significant difference in the noise level measured in the 4 bus types. Furthermore, Portela and Zannin [27] measured noise levels inside urban buses of 4 models and found significant differences in the noise levels produced by the bus of 4 models.
Moreover, the results of the present study revealed that the noise levels were higher for the buses with the cabin above engine and 6 wheels (Type1 buses) compared to the buses with the engine behind cabin and 4 wheels (Type 2 and Type three buses). Hence, it can be stated that the engine location and additional wheels are the reason that the noise levels were higher for Type 1 buses compared to Type 2 and Type three buses. In contrast, Zannin [28] measured noise levels next to bus drivers and concluded that the engine location plays an important role with regard to noise levels in the driver part of the buses. In addition, Lacerda et al [29] measured noise levels in the back, middle and front of city buses of 4 models and found that the noise level was higher at the front of the buses, where the engine was located.
In addition, the results of the present paper revealed that the noise levels in the passenger compartment were lower for the Type 3 buses (speedy buses) compared to the Type 1 and the Type two buses and this corresponds to the results obtained by Portela and Zannin [27] however they measured noise levels next to bus drivers.
Also, the ANOVA test revealed that the bus age had a significant effect on the noise levels for Type 1 and Type two buses and the post-hoc analysis revealed that the difference between the noise level for the 15-16 years old buses and the noise level for the 17 years old buses was significant and/or, that the difference between the noise level for the 15-16 years old buses and the 18-20 years old buses, was significant. Also the post-hoc analysis showed that the difference between the noise level for the 2 years old buses and the noise level for the 4-5 years old buses was significant and/or, that the difference between the noise level for the 4-5 years old buses and the 3 years old buses was significant. The results revealed that the Type 1 buses with the average age of 16.66 y have higher levels of noise rather than the Type 2 and the Type 3 buses with the average age of 3.23y and 1y respectively. Hence, it can be stated that the engine location and additional wheels are the reason that the noise levels were higher for Type 1 buses compared to Type 2 and Type three buses. In contrast, Portela and Zannin [27] investigated noise level inside urban buses of 4 models and found no strong correlation between the year of manufacture and equivalent sound pressure level.
Therefore, the results of the present paper indicated that the age and type of bus play important roles in determining noise level inside the buses. Also it was found that the engine and wheels of the bus are the major sources of noise inside the buses.
Whole-body vibration
The results of the present study indicated that the vibrations at the passenger seats were non uncomfortable vibrations. In contrast; Damijan [26] reported that vibration at the passenger seat during ride was 0.4 ms -2 which is considered as a little uncomfortable vibration according to ISO 2631-1-1997. Also, Okunribido et al [30] measured whole-body vibration transmitted to bus drivers and their results
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revealed that the average r.m.s accelerations ranged between 0.03 ms -2 and 0.45 ms -2 in the x-axis, between 0.04 ms -2 and 0.45 ms -2 in the y-axis and between 0.1 ms -2 and 1 ms -2 in the z-axis. Moreover, Ibicek and Thite [31] investigated vibration transmitted to car passengers and concluded that the majority of participants observed that the car was more comfortable in heave motion than pitch and roll motion. Furthermore, Blood and Johnson [32] studied whole-body vibration exposure in metropolitan drivers and found no difference in exposures between the seat with the standard foam seat pan and the silicone foam seat pan.
The ANOVA test revealed that the bus type had a significant effect on wholebody vibration experienced by the passengers and the post-hoc analysis showed that, the difference between the mean vibration for the Type 1 buses and the mean vibration for the Type 2 buses was significant. In contrast, Paddan and Griffin [33] measured vibration at the driver's seat in 100 vehicles selected from 14 categories including bus, helicopter, excavator, mobile crane, dumper, lift truck, tractor, grass roller, lorry, mower, van, milk float, armoured vehicle and car. Their results revealed the large variations in vibration magnitude within and between categories of vehicle.
Furthermore, the results of the present study revealed that the mean vibration at the passenger seat were higher for the buses with the cabin above engine and 6 wheels (Type1 buses) compared to the buses with the engine behind cabin and 4 wheels (Type 2 and Type three buses). Hence, it can be stated that the engine location and additional wheels are the reason that the mean vibration at the passenger seat were higher for Type 1 buses compared to Type 2 and Type three buses. Moreover, the results of the present study revealed that the mean vibration at the passenger seats were lower for the Type 3 buses (speedy buses) compared to the Type 1 and Type two buses. While Ozkaya et al [34] reported that the train speed was the most significant factor influencing the whole-body vibration experienced by the train operators.
Moreover, the ANOVA test showed that the age of bus had a significant effect on the whole-body vibration experienced by the passengers in both Type 1 and Type two buses. Also, the post-hoc analysis revealed that the difference in mean vibration among all age groups of both bus types was significant. In addition, the results of the present study showed that the mean vibration were higher for the older buses compared to the newer ones. Hence, it can be stated that the engine location and additional wheels are the reason that the mean vibration were higher the older buses compared to the newer ones. In contrast, Dundurs [35] measured vibration at the driver's seat in cars with different types and ages and found no remarkable differences of the seat vibration magnitude with and without passenger. Also, they reported that these differences become noticeable between older and younger models of car.
Therefore, the results of the present paper indicated that the age and type of bus play important roles in determining whole-body vibration experience by the passengers inside buses. Also it was found that the engine and wheels of the bus are the major sources of whole-body vibration experienced by the bus passengers.
Study methodology
The effects of noise and vibration have often been investigated separately [8] . In addition, there are few studies on the joint evaluation of noise and vibration on bus, in particular passengers.
In this study the noise and whole-body vibration were measured in 3 types of urban buses. The results revealed that the noise levels in all samples were higher than the relevant standards while the vibrations at the passenger seats were non uncomfortable vibrations. In addition, the results indicated that the age and type of bus affect noise and vibration inside buses. Also, it was found that the engine and wheels of the bus are the major sources of noise and vibration inside buses.
Therefore, more researches must be conducted to study on the joint evaluation of noise and vibration on bus, in particular passengers.
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CONCLUSIONS
The results of the present study revealed that the noise levels in the passenger compartment of all buses exceeded 50 dBA which is considered as a minimum level associate with nuisance according to W.H.O [24] , while the vibrations at the passenger seats were non uncomfortable vibrations according to ISO-2631-1-1997 [22] . Hence, noise level in the passenger compartment must be attenuated rather than the whole-body vibration experienced by passengers. Also, the results revealed that engine and wheels of the bus can be considered as the major sources of noise and vibration inside buses. Whereas active noise control of vehicles has been widely applied in recent years, this kind of noise control with regard to the engine and tires of the buses is recommended.
